INTRODUCTION WATER SAMPLES WERE COLLECTED FROM FIVE AQUIFERS IN WISCONSIN Ground water in Wisconsin is predominately of the calcium magnesium bicarbonate type
Water samples were collected from wells tapping the sand-and-gravel, Silurian dolomite, Maquoketa, sandstone, and Precambrian aquifers. On the basis of mean concentrations of constituents, calcium comprises from 43 percent of the cations in water from the Precambrian aquifer to 61 percent in water from the Maquoketa aquifer.
Magnesium comprises from 28 percent of the cations in water from the Precambrian aquifer to 39 percent in water from the sand-and-gravel aquifer. Bicarbonate comprises from 76 percent of the anions in water from the sand-andgravel aquifer to 49 percent in water from the Silurian dolomite aquifer. Sulfate comprises 49 percent of the anions in water from the Maquoketa aquifer.
The purpose of this report is to describe briefly the chemical quality of ground water in Wisconsin and to discuss representative water-quality problems in six areas. Mean composition of ground water in Wisconsin.
GROUND-WATER PROBLEMS SOME PARTS OF WISCONSIN HAVE POTENTIAL PROBLEMS RELATED TO GROUND-WATER QUALITY
2,071 analysis of water samples from 970 wells throughout Wisconsin indicate large variations in ground-water quality
Much variation in ground-water quality, both within individual aquifers and between different aquifers, is shown by the maximum and minimum values of selected constituents.
Water from the sandstone aquifer generally has the greatest range in values, whereas that from the Precambrian aquifer generally has the least. There are not enough analyses of water from the Maquoketa aquifer for a valid statistical analysis. The results of the analyses were compared to mean values for Wisconsin and to drinking-water standards to determine if the water exceeded recommended or mandatory standards, thereby defining a potential problem area.
Recommended and mandatory drinking-water standards (Environmental Protection Agency, 1976) and water-quality criteria for other uses (California State Water Quality Control Board, 1963) several wells in an area were sampled. Each sampled well was finished at a different depth or in a different aquifer.
Potential problems in water from about half of the 107 sampled wells were revealed. Iron, manganese, and nitrate are the three constituents whose concentrations most commonly exceed recommended or mandatory drinking-water standards. High concentrations of dissolved solids, sulfate, arsenic, and phenolic materials may present local problems.
Of the 59 areas, 6 (lower map) were selected for further study and as being representative of Wisconsin water problems.
Ground-water sampling sites in potential problem areas.
IRON, MANGANESS,COPPER. PHENOLIQMATERIALS
Location of selected areas with representative problem constituents.
SELECTED AREAS IN WISCONSIN WITH GROUND-WATER-QUALITY PROBLEMS

4.1
Prairie Lake Township, Barren County
NITRATE IN GROUND WATER I
Concentrations or nitrate exceeding recommended drinking-water standards were found in ground water from three wells j within a heavily irrigated section. I
Although the ground water in Barren County is generally suitable for most uses, the nitrate-nitrogen concentration of some ground water in the county makes it unsuitable for drinking. Concentrations of nitrate exceeding the 45 mg/L (milligrams per liter) (10 mg/L as nitrogen) limit set for drinking water were found in the water from three wells in a section south of Cameron.
Measured concentrations of nitrate nitrogen in the ground water from these wells ranged from 11 to 23 mg/L. This is an area of intensive irrigation that uses the shallow ground water from the sand-and-gravel aquifer in Red Cedar River valley. It is highly unlikely that natural sources such as soil, rocks, or the atmosphere account for the high concentrations of nitrate in this area.
Application of fertilizers and heavy irrigation may cause unused and untrapped nitrogen to percolate downward to the shallow aquifer. Over the years, nitrogen concentrations in many irrigated areas appear to have stabilized at a level above the statewide average and will probably remain so until farming practices change.
The map shows the local nature of the recharge to and discharge from the ground-water system in this area south of Cameron. The system is recharged between the Red Cedar River and Prairie Lake and discharges either to the lake or river. The extremely short ground-water-flow paths in this area indicate that the source of nitrate is local.
High nitrate-nitrogen concentrations in ground water in areas of intensive irrigation is not unique to Barren County and is common in some other irrigated areas of the State. The general direction of ground-water movement decrease as the aquifer is flushed out by recharge, in the Marinette area in the sand-and-gravel and The source of arsenic, which is being eliminated, was sandstone aquifers is from west to east. Thus, cona pile of exposed chemical-manufacturing waste, taminated ground water moves eastward. Arsenic, in Naturally occurring pyrite and gypsum in the sandconcentrations as much as 250jig/L (micrograms per stone aquifer probably are the sources of sulfates and liter), is confined to a narrow zone along the Meniron in the ground water, ominee River.
The arsenic concentrations will T. 31 N. Concentrations of iron, manganese, and phenolic materials that exceede recommended drinking-water standards were found in ground water. These concentrations are probably from natural sources
The problem of iron and manganese concentrations in ground water in excess of recommended drinking-water standards is random throughout Rusk County. Four of the seven wells sampled for iron and five of seven wells sampled for manganese had concentrations that exceede the standards. The maximum measured concentration of iron and manganese was 14,000 and 650j*g/L, respectively. The problem is not limited to a single aquifer. The source of the iron and manganese is probably the aquifer itself, but highly organic soils also may contribute significant amounts of these constituents to the ground-water system. The source of most iron and manganese in ground water is the rock and soil material through which the water moves, but decaying organic debris may also be a source of iron. The map at the right shows the direction of water movement in the sand-and-gravel aquifer and shallow sandstone aquifer and the concentrations of iron and manganese. Ground water recharged in the area east of Fort Atkinson discharges locally. Water recharged in the central part of the area discharges to the Rock and Bark Rivers. The short flow paths of the ground water indicate that the source of the iron and manganese is local. Area where the depth to water is less than 10 feet Concentrations of iron exceeding recommended drinking-water standards were measured in water from several wells within three adjoining square-mile sections.
In Portage County, iron concentrations that exceed recommended drinking-water standards were found in ground water. One well may draw water having high iron concentrations, whereas an adjacent well finished in the same aquifer may not. This situation prevails near Kellner and is typical of many other areas in the State.
Iron is an essential element in both plant and animal metabolism, and therefore is to be expected in organic waste and in plant debris in soils. Decaying plant debris forms weak acfds that dissolve iron from the soil and rocks.
The area near Kellner (right) is heavily vegetated and has highly organic soils and a shallow water table. The concentrations of iron in ground water (as much as 16,600/ig/L) are generally high where aquifers are recharged through noncultivated forest lands. Concentrations are much lower (40Qj*g/L) where aquifers are recharged through cultivated areas or pasture land.
These data indicate that organic material contributes to high iron concentrations in ground water.
Kellner 0.5 miles R. 6 E. tl R. 7E. 
89°42'30"
IRON AND MANGANESE IN GROUND WATER
Iron and manganese in ground water may present problems where forest land is being cleared for development
Ground water having iron and maganese concentrations that exceed recommended drinking-water standards is a problem locally in Armenia Township. One such place is where land is being cleared for irrigated farmland. The area is level, has a plentiful water supply from the sand-and-gravel aquifer, and is covered with soils suitable for irrigation. Before irrigation, it was heavily forested with pine and scrub oak.
Since 1965, about one-third of it has been cleared and irrigated.
Where the water table was near to the land surface, ditches were dug for drainage. The water-table map also shows the areas cleared for irrigation since 1969, location of irrigation wells, and the drainage ditch dug in 1976.
Most of the iron and manganese in the ground water of Armenia Township is a result of the highly organic soils. Both iron and manganese are essential elements in plant metabolism and are expected in organic wastes and plant debris. Iron concentrations in water from the two wells sampled in the area were 3,100 and 530 /ig/L, and the concentrations of manganese were 180 and 60 /xg/L. Armenia Township is on the ground-water divide between the Wisconsin and Yellow Rivers. The local source of water and the short distance between recharge and discharge points confirm that iron and manganese are derived locally. 
